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Abstract We studied the behavior of 13 radiotagged
cranes dispersing from a communal roost over days
when they changed their main daily foraging area be-
tween consecutive days during two winter seasons. In-
dividuals went to a new foraging zone when on the
previous day their morning food intake had fallen below
their mean morning food intake measured over the
whole winter. Food intake on the day before a change in
foraging area was positively correlated with dominance
rank. Dominant cranes changed to new zones with
higher numbers of birds and food density, while subor-
dinate cranes went to new zones with lower numbers of
birds. As a result, all birds increased their food intake
over that of the previous day. Dominant cranes re-
mained more faithful to their most preferred foraging
zone, where they spent 69% of the mornings, while
subordinate birds were more mobile, switching among
zones frequently. Dominant birds left the roost later
than subordinate birds on the days they changed to a
new zone, which could be used to track the main de-
parting flows. The results suggest that the dynamics that
led to a truncated phenotype-limited distribution were
determined by social dominance and food abundance,
with dominant cranes shifting to a new zone to maintain
their high intake levels and subordinates changing more
frequently whenever their daily intake did not reach the
minimum metabolic requirements.
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Introduction
Parker and Sutherland (1986) developed a series of
phenotype-limited ideal free models to explain the dis-
tribution of animals among food patches when individ-
uals dier in competitive ability. They showed that when
there was interference among unequal competitors while
foraging the predicted result was a truncated distribu-
tion of phenotypes between patches so that the indi-
viduals with the highest competitive abilities occurred in
the best patches. The results of some field studies agreed
with the predictions of these interference models, par-
ticularly the study of Monaghan (1980) on herring gulls
Larus argentatus feeding at two areas of a refuse tip, that
of Goss-Custard et al. (1984) on oystercatchers Hae-
matopus ostralegus feeding at two mussel Mytilus edulis
beds, that of Milinski et al. (1995) on swans Cygnus olor
feeding at two patches with dierent food densities, and
a study on cranes Grus grus feeding on cereal fields of
various qualities during winter (Bautista et al. 1995). In
spite of the general agreement of the results of these
studies with the phenotype-limited interference model, in
all of them the distribution of phenotypes was imper-
fectly truncated, i.e., the poorest zones were used occa-
sionally by some dominant phenotypes and the richest
zones were used by some subordinate phenotypes. Par-
ker and Sutherland (1986) acknowledged that perfect
truncation is probably never found in the real world for
several reasons, such as imperfect knowledge of the
habitat by some naive individuals who tend to disrupt
the distribution, temporal changes in relative qualities of
feeding patches, heterogeneous food distribution within
patches, and kleptoparasitism leading to continuous
switching of phenotypes between patches (see also Mil-
inski and Parker 1991). Perfect truncation is unlikely to
be obtained even in laboratory experiments, because
animal distributions are state-dependent (McNamara
and Houston 1990).
In a previous paper (Bautista et al. 1995) we pre-
sented results that indeed fulfilled the main predictions
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of the interference phenotype-limited model: (a) there
was a correlation between the dominance rank of the
cranes and the mean quality of the foraging zone se-
lected among ten possible zones in the study area, and
(b) the mean payo to an individual correlated with
both foraging zone quality and dominance rank. How-
ever, as stated above, the distribution of crane pheno-
types among zones was not perfectly truncated. While all
zones were occupied by variable numbers of cranes
throughout the period of study, each individual foraged
on more than one of the ten zones defined, usually
changing to a new zone after a few days spent foraging
on the previous zone. These shifts in foraging zones by
individual cranes meant that the truncated distribution
was not completely stable, although it appeared to be so
when we compared individual competitive abilities with
the average values of both zone qualities and payos of
the various foraging zones used by each individual.
Rather, the system studied could be better described as a
dynamic equilibrium distribution resulting from these
changes of individuals between foraging zones. To un-
ravel the rules governing such changes in foraging area it
is necessary to look at the process of change itself, i.e., at
the immediate advantage of a shift in area between
consecutive days, instead of comparing average values at
the dierent foraging zones.
In this paper we study the dynamics of this truncated
distribution in cranes. In particular, we measure the
dierences in food density, crane numbers, and morning
food intake on each pair of consecutive days over which
a change of foraging zone occurred. An individual
probably decides to change to a new foraging area when
its food intake rate has decreased to some critical value
(Stephens and Krebs 1986). This marginal food intake
could be equal for all individuals as predicted by the
classical marginal value theorem (Charnov 1976).
Sutherland and Parker (1985) and Parker and Suther-
land (1986) suggested that phenotype dierences influ-
ence the distribution of individuals among dierent
quality patches. We test an alternative prediction to the
constant giving-up intake rate, namely that dierent
phenotypes would decide to abandon a zone at dierent
intake rates. We also test the prediction derived from
some studies of truncated phenotype distributions that
subordinate birds should be more mobile between for-
aging zones (Monaghan 1980, p. 524; Ens and Goss-
Custard 1984, p. 226; Draulans and Van Vessem 1985,
p. 774; reviewed in Sutherland and Parker 1985; Parker
and Sutherland 1986). Finally, a possible mechanism
that foragers could use to maximize intake when they
have been unsuccessful on a given day and are going to
change foraging zone could be either (a) to leave the
roost early to prolong their daily feeding time (e.g.,
Summers and Feare 1995) or (b) to leave the roost late in
order to be able to follow preferred departing flows and
directions, in accordance with the information center
hypothesis (Ward and Zahavi 1973). Wintering cranes
depart from a communal roost in continuous flows that
can be easily tracked by other roost members that have
not yet departed. Thus, an individual that has been
unsuccessful the previous day could delay its departure
and so evaluate where most roost members are going
and choose its own departing route.
Methods
Study area and species
The study area was a lake basin of 53 637 ha, at Gallocanta,
northeast Spain (40°580N, 1°300W), which is regularly used by
common cranes as a staging and wintering area (Bautista et al.
1992). The study was carried out from December to late February
1989–1990 and 1990–1991. Cranes disperse daily from a communal
roost in the lake to forage on the surrounding fields, most of which
are sown with winter wheat and barley, and a few with sunflower.
A detailed description of the study area and its use by the cranes as
a foraging area during winter is given in Alonso et al. (1994) and
Bautista et al. (1995).
Food availability and number of cranes
We divided the study area into ten zones approximately equivalent
in the size of their respective surfaces that could be utilized as
feeding grounds. Every 2 weeks we estimated food availability by a
76-km car transect throughout the study area, recording the type of
ground at both sides of the route: cereal stubbles, sunflower stub-
bles, ploughed fields, recently sown cereal fields, sprouted cereal
fields, pastures, and others. We estimated the total surface occupied
by each type of ground from frequency values obtained from the
transect. We also sampled the density of seeds on stubble fields
each fortnight, counting all seeds in 20 randomly selected quadrats,
by throwing a square metal frame, measuring 25 ´ 25 cm on cereal
stubbles and 50 ´ 50 cm on sunflower stubbles, while walking in a
straight line along a diagonal across each field. We calculated
overall food abundance for each zone of the study site, multiplying
the total area occupied by each type of ground by the mean density
of seeds lying on the surface in the case of stubble fields, and by 5%
of the average amount of cereal in sown fields (180 kg ha)1; see
Alonso et al. 1994 for a detailed explanation of the procedures used
to estimate food availability).
Each fortnight we also established the distribution of cranes in
the study area, averaging the numbers of birds seen on each for-
aging zone during weekly surveys of the whole area, completed
with additional information gathered during daily individual ra-
diotracking (see below) and fortnightly counts of all cranes entering
the roost at evening, from three or four observation points around
the lake so that we also knew the arrival directions and flows.
Behavior of marked individuals
Between late December and early February we studied the behavior
of 13 individuals fitted with color rings and radiotransmitters [5 in
1989–1990 and 8 in 1990–1991; 9 were adults, 2 immatures, i.e.,
2nd- or 3rd-year birds, according to their iris color and pattern of
wing feather moult (Glutz et al. 1973; Prange 1989) and two 1st-
year birds already independent from their parents]. Since no in-
terannual dierences in the behavioral variables of the individuals
studied (see their definition below) were significant (P > 0.05,
Kruskall-Wallis test), and the patterns of general crane and food
distribution in the study area were quite similar in both years (see
Bautista et al. 1995), we pooled data from both years for analysis.
The total number of radiotracking days was 137, with samples for
each individual ranging between 3 and 17 days, usually recorded in
groups of 3–4 consecutive days. Cranes departed from the com-
munal roost daily between 0628 and 0715 hours GMT. Each day
we recorded the time when the first crane, whether radiotagged or
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not, left the roost, and the time when our focal bird departed. Then
one observer followed a radiotagged bird by car continuously
during the day, watching it with a 60–90 ´ Questar telescope from
distances of 500–1000 m. Cranes foraged in flocks, at distances of
up to 25 km from the roost. Individual cranes spent the morning
usually on only one of the ten zones into which we had divided the
study area, there obtaining on average over 70% of their daily food
ration. Total daily accumulated food intake was highly correlated
with morning intake (Bautista et al. 1995), and therefore we defined
the zone used in the morning as the main foraging zone for each
day. After drinking and preening at midday, birds usually foraged
during the afternoon on a dierent foraging area from that of the
morning, almost always closer to the roost. Individual cranes used
two to four morning foraging zones throughout the study period,
with an average stay at each zone of 4.6  1.3 days (n = 19 pe-
riods of complete series of days, with known first and last days on
the same zone). For the analyses of change in main foraging zone
we used the 86 pairs of consecutive days available from the total
sample of 137 radiotracking days. Throughout the results sample
sizes varied because, for some individuals, we could not record
some of the variables used in the analyses (i.e., roost departure time
of first cranes on foggy mornings).
At 30- to 60 min intervals throughout the day, we tape-recorded
the behavior of the marked individual for 5 min and that of seven
to ten other adult flock members randomly selected as control birds
for 1 min each. Time spent in dierent activities was measured to
the nearest second. We measured the rate of food intake by
counting the number of swallowing movements of the birds. Cranes
fed almost exclusively on cereal seeds buried 2–3 cm below the
ground surface. When looking for sown cereal cranes walk slowly
across a field making characteristic sideways movements of the
neck to remove the surface earth and so dig up the seeds. Birds
have even learned to follow the lines of the sowing tracks left by the
tractors (personal observations). When they find a seed they take it
with the sensitive tip of their bill and make a characteristic back-
ward movement of their long neck which is very apparent to the
observer. Since this foraging technique usually enables the birds to
find seeds one by one, the swallowing movements correspond al-
most exactly to the number of seeds ingested, according to our
observations of free-living and captive cranes. The simplicity of
both the habitat structure of our study area and the crane’s diet
have enabled us to measure intake rate and food availability un-
usually accurately in comparison with most other field studies (see
further details in Alonso et al. 1994, 1995). We calculated the ac-
cumulated total food intake for both the main foraging period
during morning and the whole day. We also estimated the net food
intake for both periods, subtracting from total food intake the
estimated cost of flying to each foraging zone, transformed to
grams of food, using values of 0.54 g consumed per kilometer flying
(Pennycuick 1989). Net daily food intake was used in all subse-
quent tests. We assumed 78% assimilation eciency (Castro et al.
1989). We excluded incomplete radiotracking days and days with
heavy rain or snowfall.
We estimated the dominance rank of the cranes as the per-
centage of aggressive encounters with any other flock members,
whether marked or not, which the focal animal won (data on
dominance rank for most birds are given in Bautista et al. 1995).
Most of these agonistic interactions were kleptoparasitic attacks to
take food discovered by the attacked bird. In a typical kleptopa-
rasitic attack the dominant crane is looking for sown cereal seeds
without much success and spots a nearby subdominant that has
discovered a patch of seeds. Since seeds are sown in parallel lines,
once a seed or patch of seeds is discovered, the probability of
finding further seeds in the immediate vicinity is relatively high.
Thus, if the discoverer is a subordinate bird, it pays the dominant
to displace it and take up the place of the subordinate. The ag-
gressor almost invariably increases its intake rate by taking the
seeds discovered by the victim (authors unpublished work). The
displaced crane suers then a significant temporary decrease in
intake rate. Throughout the text we sometimes refer to dominant
cranes as those winning more than 50% of aggressive encounters,
and subordinates those winning less. Dominance ranks should
ideally have been scored between all pairs of marked individuals.
However, this was not possible since marked individuals rarely met
due to the large number of cranes wintering in the study area
(a minimum of c. 5000 birds during midwinter). Therefore, since the
spatial and temporal distribution of the birds was quite dynamic,
with varying flock sizes and compositions, we think that measured
success rates were good estimates of the dominance rank of marked
birds with respect to the population, provided that the samples of
flock mates were suciently large (mean 378 birds; range 179–639).
To estimate the mobility of marked individuals in the study area
we used the residuals of the regression of the number of morning
foraging zones visited by a bird on the number of days it was
radiotracked. Residuals were used to control for dierences in
numbers of zones used due to dierent numbers of days in each
individual’s sample.
We used nonparametric tests throughout the analysis. Aware of
the pitfalls of using significance values provided by most popular
statistical software when dealing with small sample sizes, we took
probability values directly from statistical tables (Siegel and
Castellan 1988). We used two-tailed tests unless otherwise specified.
Results
Aggression rate and dominance
Individuals diered considerably in their degree of suc-
cess in aggressive encounters with other flock mates,
though sample size was small for some individuals
(Table 1). We plotted the dierences in aggression rate
(number of encounters per minute) between marked
individuals and their flock mates as a function of
dominance rank of the former (Fig. 1). Both the ex-
treme subordinate and extreme dominant birds had
lower aggression rates than their flock mates (pooling
both extreme groups of birds the dierence was signifi-
cant at P = 0.016, n = 7, one-sample sign test), while
aggression rates of individuals with intermediate domi-
nance scores did not dier from that of their flock mates
(P = 0.375, n = 5, one-sample sign test). We conclude
that the aggression rates scored for our marked birds
are not a result of low observation eort and thus can
be considered a reliable indicator of their dominance
ranks.
Food intake, mobility and dominance
Mobility between foraging zones was inversely corre-
lated with both morning food intake (Fig. 2) and domi-
nance rank (rs = )0.62, P = 0.032, n = 12). Subordi-
nate cranes switched more frequently among foraging
zones throughout the winter, while dominant individuals
tended to remain more faithful to a few preferred zones,
showing usually a marked preference for one: on aver-
age, a dominant crane foraged on its most preferred
zone on 69% of the days (SD = 20, n = 6 birds with
highest dominance scores). Dominance rank and morn-
ing food intake were positively correlated (rs = 0.75,
P = 0.005, n = 12).
Mean roost departure time was not correlated with
the individual scores for mobility (rs = 0.28, P = 0.354,
403
n = 13), dominance (rs = )0.09, P = 0.777, n = 12),
nor intake (rs = )0.27, P = 0.364, n = 13).
Changes in foraging zone
Dominant cranes left the roost later than subordinates
on the first day of use of a new foraging zone (Fig. 3).
Although the magnitude of the dierence in roost de-
parture time between the last day on a zone and the first
day on a new zone was not significant (Table 2), there
was a dierence in pattern of delay between dominant
and subordinate birds. All dominant cranes (5 of 5
birds) delayed their roost departure time when changing
zone, while all subordinate cranes (3 of 3 birds) ad-
vanced their departure time, the dierences being signi-
ficant (P = 0.018, Fisher’s exact probability test). We
conclude that roost departure delay on days of change
was influenced by dominance rank.
Table 1 Dominance rank, age, number of foraging zones used, number of radiotracking days, mobility, and mean 1 SD roost departure
times of the 13 cranes studied
Crane Dominance ranka Ageb Zones Days Mobility Roost departure timesc
A 37.5 (8) A 2 6 )0.325 8.4  6.5 )17.2  5.8
B 50.0 (12) A 4 17 0.564 6.3  7.3 )22.9  11.9
C 94.1 (51) A 2 9 )0.628 7.6  6.6 )24.9  6.9
D 0.0 (22) I 3 13 )0.032 10.8  8.9 )9.5  15.0
E 28.6 (21) I 3 10 0.271 12.2  10.7 )11.3  14.9
F 52.6 (19) A 4 13 0.968 13.2  5.4 )2.1  8.5
G 54.5 (11) A 2 10 )0.729 5.3  2.8 )14.3  8.3
H 57.7 (26) A 3 12 0.069 8.9  5.5 )10.0  10.2
I 71.4 (28) A 3 15 )0.234 2.9  0.9 )9.8  9.9
J 100.0 (4) A 2 12 )0.931 12.5  5.0 )1.8  12.9
L (0) A 2 4 )0.123 8.0  8.5 )14.3  7.6
Y 0.0 (5) J 3 3 0.978 9.0  0.0 )15.0  0.0
Z 0.0 (2) J 3 11 0.170 6.0  5.3 )13.3  6.2
a Success in aggressive encounters (number of aggressive encounters; data on dominance rank were taken from Bautista et al. 1995,
Table 2)
b A adult, J juvenile, I immature
c Minutes after departure of the first crane (left), and minutes before sunrise (right)
Fig. 1 Relationship between the dierence in aggression rates
(number of aggressive encounters per minute) of marked individuals
with respect to their flock mates and the dominance rank of marked
birds. Dominance rank was classified as low (<33% aggressions
won), medium (34–66%) or high (>66%). Figures are numbers of
marked individuals. Vertical bars represent 1 SE
Fig. 2 Correlation between the mobility of the cranes among foraging
zones and the morning food intake. Each capital letter corresponds to
one individual
Fig. 3 Correlation between roost departure delays with respect to the
first crane (minute 0) and dominance rank (percentage of success in
aggressive encounters) on the first day of use of a new foraging zone.
The four most subordinate birds departed from the roost earlier than
the median time, with only one dominant departing also earlier. The
remaining four dominants departed later than the median time
(observed frequencies: 0,4,4, and 1; P = 0.048; Fisher’s exact test)
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When cranes switched from a foraging zone to an-
other, the sample of all birds and the sample of domi-
nant birds selected a new zone with higher food density
than the old one (Table 2), while our subsample of
subordinates was insucient to test for a dierence.
Dominant cranes tended to change to new zones with a
higher number of birds than that they abandoned, while
subordinate cranes tended to change to zones with less
birds. Although these trends did not reach significance
(see Table 2), most dominant cranes (5 of 6 birds) se-
lected a new zone with a higher number of cranes than
that on the previous zone, while all subordinate cranes
(5 of 5 birds) went to a new zone with a lower number of
birds. Since the probability of the observed frequencies
is less than the significance level (P = 0.015, n = 11,
Fisher’s exact probability test), we reject the hypothesis
that the proportion of cranes at the new zone selected by
an individual was independent of its dominance rank.
Morning intake before a change was greater for
dominants than for subordinates (Mann-Whitney test,
U = 19, P = 0.05, Table 2). On the first day at a new
zone cranes increased significantly their morning food
intake with respect to the last day at the previous zone
(see sample of all birds in Table 2). This increase was
marginally significant in our subsample of subordinate
birds and did not reach significance in dominant birds,
but in all subordinate birds and five of six dominant
birds there was indeed an increase, suggesting that the
absence of statistical significance after splitting both
groups of birds was due to small sample sizes.
The food intake of an individual on the day before a
change was lower than its mean food intake measured
throughout the whole winter (mean of individual dif-
ferences of )19.8  16.0 per cent, P = 0.012, n = 11
birds, one-sample sign test), both measures of food in-
take being correlated (Fig. 4). The food intake on the
day before a change was also positively correlated with
dominance rank (rs = 0.82, P < 0.005, n = 11).
However, since dominants tended to select foraging
zones with higher food density (Bautista et al. 1995), we
again tested the correlation between food intake on the
day before a change and dominance rank excluding the
eect of food density. The correlation was significant
(Txy,z = 0.65, P < 0.02, n = 9, Kendall partial rank-
order correlation). We conclude that for equal zone
Table 2 Roost departure time, food density, proportion of cranes, and morning food intake on the foraging area used by cranes,
respectively on days before and after a change in foraging zone. Values (1 SD) for all individuals, dominants and subordinates are given.
Sample sizes (no. of individuals) in parentheses. Two-tailed exact probabilities were calculated with paired Wilcoxon rank tests
Last day on p-
revious zone (n)
First day on
new zone (n)
Dierence
%a P (n)
Roost departure delay with respect
to departure initiation (minutes)
All birds 9.41  4.85 (10) 8.61  5.35 (9) 90 0.999 (8)
Dominants 6.97  4.21 (6) 11.86  4.92 (5) 177 0.063 (5)
Subordinates 12.75  4.02 (3) 4.56  2.13 (4) )55 0.250 (3)
Mean food density (kg/ha) on
foraging zone used
All birds 2.57  1.18 (10) 3.01  1.50 (9) 16 0.039 (8)
Dominants 2.40  0.98 (6) 2.93  1.40 (6) 20 0.031 (6)
Subordinates 2.31  1.50 (3) 2.33  1.87 (2) 4 (2)b
Proportion of crane population on
the foraging zone used
All birds 0.18  0.14 (12) 0.23  0.20 (12) 12 0.638 (11)
Dominants 0.22  0.14 (6) 0.34  0.21 (6) 60 0.063 (6)
Subordinates 0.17  0.13 (5) 0.09  0.06 (5) )45 0.063 (5)
Morning food intake (g)
All birds 90.5  26.9 (11) 115.3  38.0 (12) 38 0.032 (11)
Dominants 105.4  25.0 (6) 130.3  40.2 (6) 30 0.313 (6)
Subordinates 72.7  17.1 (5) 104.2  34.0 (5) 47 0.063 (5)
aMean of individual dierences between first day on a new zone and last day on previous zone = {(first ) last)/last} ´ 100
bNot enough sample size to calculate the Wilcoxon rank test
Fig. 4 Correlation between the food intake on the day before a
change in foraging zone and the mean food intake throughout the
winter. All values except one lie below the isoline (discontinuous line),
showing the magnitudes of the dierences with respect to the average
intake rate for each individual on days prior to change
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quality dominant cranes abandoned a zone at higher
intake rate than subordinates.
When a crane changed, the food intake on the first day
on the new zone was not significantly higher than its
mean winter food intake (mean dierence of 6.9 
42.2% P > 0.05, n = 12 birds, one-sample sign test).
The correlation between these two measures of food in-
take was not significant (rs = 0.22, P = 0.484, n = 12).
Discussion
On the day before a change in foraging area the mean
morning food intake of marked cranes was significantly
lower than the food intake averaged over the study pe-
riod. Moreover, the two variables were positively cor-
related (Fig. 3). These results suggest that the decision
rule used by the cranes to change to a new foraging zone
was to abandon an area when their morning food intake
decreased below a critical value, probably represented
by their own mean morning food intake. When we
controlled for the dierences in food density at the zone
through partial correlation, the marginal intake before a
change was positively correlated with dominance rank.
Thus we conclude that for equal zone qualities, domi-
nant individuals decided to change at higher marginal
intake rates than subordinates. The fact that there were
almost always cranes still foraging on a zone already
abandoned by a focal individual supports that the food
intake of each individual was probably the most critical
parameter aecting the decision whether to change or
not on the next day. The alternative of a common food
intake amount for all individuals, given that wintering
common cranes forage in flocks, was rejected by our
results.
The next decision a crane must take when changing
to a new foraging zone is what new zone to choose
among all possible zones. In relation to this decision
rule, we have two dierent sets of results. First, the data
on food density measured directly in the field indicate
that all birds combined selected a new zone with higher
food density than the old one. Splitting by dominance
rank, the same was true for dominant cranes, while the
sample size for subordinates was insucient to detect a
dierence. Second, while dominants changed to a new
zone which was already used by a relatively high pro-
portion of birds (on average, 34% of wintering cranes,
see Table 2), subordinates went to a zone with lower
proportions of birds (9% on average). Thus, the com-
bined results on food density and number of birds at the
new zone on the first day after a change suggest that
dominant birds selected a higher-quality zone with more
birds, while subordinates switched to a zone that was
probably not better in quality from that they used the
day before, but with lower numbers of competitors.
Whatever the decisions adopted by an individual, our
results indicate that, overall, cranes increased their food
intake after a change. We suggest that this increase was
attained by dierent strategies that depended on domi-
nance rank. Although the sample size was probably not
large enough to obtain significant results separately for
dominants and subordinates, the same trend was ob-
served in both classes (5 of 6 dominants and 5 of 5
subordinates increased their food intake after a change)
and the intake increase for the pooled sample was sig-
nificant (P = 0.032, see Table 2). In the case of subor-
dinate birds, in which the increase in intake was
marginally significant, the average morning food intake
of 72.7 g on the day before that change (Table 2) would
allow them to obtain an average total daily food intake
of only 117 g. This value was estimated from the cor-
relation between morning and total daily food intakes
(see Bautista et al. 1995), and is less than the 121 g
calculated as the minimum existence metabolic require-
ments of a crane during winter (Alonso et al. 1995).
Thus subordinate birds were in negative energy balance
on the days before a change and so were clearly forced to
shift to cover their minimum daily requirements.
From a previous study we know that subordinate
birds could not increase significantly their intake rate by
foraging in high-quality zones because of their lower
competitive ability (Bautista et al. 1995). This could be
the reason why it paid them to switch to a new zone not
used by a high number of birds, rather than actively
selecting a zone with higher food density that would
probably be occupied by a large proportion of higher-
ranked individuals according to the phenotype-limited
distribution. The significantly higher percentages of
crane families and independent juveniles at the poorest
zones and at the periphery of flocks foraging at good
food patches found in previous studies represent a fur-
ther example of such subordinate strategy, based more
on competition avoidance than on selection of highest
food densities (Alonso et al. 1987; Alonso and Alonso
1993). In a laboratory study on juncos (Junco hyemalis),
subordinate individuals selected foraging zones with
lower number of flock mates (Caraco et al. 1989), a re-
sult that was also interpreted as avoidance of competi-
tion by subordinates.
Avoidance of competition is also supported by the
relationship between aggression rate and dominance
rank, i.e., lower in both extreme subordinates and ex-
treme dominant birds, and not dierent from their flock
mates for intermediate dominance ranks. Our interpre-
tation of this result is that extreme subordinate birds
probably avoid being involved in aggressive encounters
because of their lower probabilities of winning, while
extreme dominants are avoided by other birds in the
flock before an actual attack occurs. It is conceivable
that individuals in a flock can recognize each other’s
rank by size, plumage design, and/or some behavioral
trait without necessarily being involved in an aggressive
encounter every time two birds approach. We have seen
that size dierences are quite large (30% in weight be-
tween birds Z and C, 45% in weight between D and C,
and up to 26% in linear measurements between D and C;
see Table 1 in Bautista et al. 1995).
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Since the daily food intake increase after a change of
zone was not significant with respect to the average
winter daily food intake, it seems that the birds did not
try to maximize their food intake on the first day at the
new zone, but simply remained in a new zone where they
could forage at their average winter rate. A similar
conclusion was reached in a previous study of patch use,
in which cranes abandoned high-quality patches earlier
than predicted by optimal patch use models, to trade o
rate-maximization with other benefits derived from re-
maining in the flock (Alonso et al. 1995). This strategy of
‘‘satisficing’’ as an alternative to maximizing (Stephens
and Krebs 1986, p. 180) has been described for situa-
tions where animals ‘‘do well, but do not optimize’’
(Myers 1983; Krebs and McCleery 1984; Stephens and
Krebs 1986). Previous results suggest that wintering
cranes do not seem to follow simple optimal foraging
rules, but rather trade o the immediate food intake rate
with several other benefits (Alonso et al. 1995).
The observed delay in departure of dominant birds
on days of change to a new foraging zone (Fig. 3) is in
accordance with the fact that on these days they went to
zones with a higher proportion of birds. During roost
departures flight directions and the proportions of birds
taking each direction might be reasonable cues for any
individual ignorant of how food is distributed in the
study area. Roost departure lasts only about 20 min
(authors’ unpublished work), so even a small delay of a
few minutes can be of high potential value. Thus it is
possible that dominant birds could be using roost de-
parture flows to decide where to go. Although this result
agrees with the information center hypothesis (Ward
and Zahavi 1973), it is not enough to conclude that
cranes were using the communal roost as a source of
information. The delay observed in dominant birds on
days of change could also be simply due to the better
condition of these birds, who would then not need to
depart so early. These two explanations are not incom-
patible. Dominants could depart later because they are
in better condition, but also benefit from the informa-
tion gained on departure flows. Assuming that roost
departure flows could serve as a source of information,
subordinate birds did not seem to use it, since they
tended to leave the roost earlier on days of change.
These roost departure patterns contradict the ‘‘two-
strategies hypothesis’’ (Weatherhead 1983), which sug-
gests that information transfer would be mainly to the
advantage of subordinate birds, rather than to domi-
nants. A plausible explanation for the early departures
of subordinates could be that, due to their worse con-
dition on the days they decided to change, after one or
more previous days suering food intakes below or close
to their critical minimum threshold, they finally tried to
maximize their feeding time by leaving the roost as soon
as possible. Dominant cranes would be playing a war of
attrition with other individuals at the roost by leaving
after them, and so gaining information about the most
preferred directions to go to forage. Cranes try to
maximize feeding time on short winter days, as shown in
a previous study at the same area (Alonso et al. 1985).
Early roost departure has frequently been interpreted as
a way of compensating for lower food intake rate in
other studies (e.g., Schoener 1971; Eiserer 1984).
As for mobility between foraging areas throughout
the winter, dominant birds remained more faithful to
one or two zones, while subordinate cranes switched
more frequently between zones. Since they used on av-
erage lower-quality zones than dominants (Bautista et
al. 1995), they had higher probabilities of failing to
achieve the minimum acceptable daily food intake, thus
being probably forced to be more mobile. Higher mo-
bility of subordinate birds between foraging sites has
also been observed in other field and laboratory studies
with unequal competitors (Monaghan 1980; Ens and
Goss-Custard 1984; Milinski 1984; Draulans and Van
Vessem 1985; Catteral et al. 1989; Summers and Feare
1995). The interpretation given in most of these studies
that the observed higher mobility of subordinate phe-
notypes is an eect of their competitive exclusion from
the best zones, is also a plausible one in our case.
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